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Preaccelerator
((Cockroft−Walton acclerator))

HH− ions →→ 750 KeV

L inac 
(RF dr ift tubes)

 H− ions →→ 400 MeV

Booster   
(circular  accelerator )
1) str ip off electrons
2) protons → 8 GeV

Main Injector
1) proton − > 150 GeV
2) Produce antiproton

Tevatron 
 Beams →→  980 GeV  

colliding at D0 and CDF
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,ezV,ej�3���1�*¨.�)��5>����0*-,��Tj��4�+�P.��@?Am;!k�¦� )�,e�6�5,�8�Le1R.��;���+K:��L;�0G�� .<)�� (+1�L;��G��F1�34.<)�� ,�G���80�
9O�@.�zV�+�+G§,5.��;,�(�Z�,�G�K�.�)��=�@�@.�K����;�+(@.��01�Gc,�LM, zV�+�0��)<.HkP�����A��G��}9��������+�\zV�+����)�.^.�1}L;*-,�8�8
,�G���80�+tOL;��G�(+�\.<)�� Ð K�,�����)<.��+�ª>�,��P.��0(+80�+LY,��;�Q,�L;L;��*7�+Kg(+8�1�L;�+�X.�1'.<)�� Ð K4���;�+(@.��01�G�m;!'vw��.
��.�K��0KcG�1/.�)��+80>§�+�|.<)��+�V9��+(+,���L;�M.<)���>��;1�9�80�+*���Gc1�9�.�,���G��0G��5.<)��2(+1����;�+(@. Ð K��0���+(@.<��1�G�!
a§1��;�+1e�4�+��tO.<)���LYzV�+����)�.-*-,ej����|�4��9��������+�\zV�+����)�.V.�1}>�,��P.��0(+8���LY.�)�,/.�,��;�5G�1/.�3��;1�* .�)��
1�>�>O1�L;��.��5L;�0K�� Ð t�9���.2)�,�>�>O�+G�.<179O�R(+801�L;�+8�j�,�80����G��+K�.<1V.�)4� Ð K��0�;�+(@.��01�G�!

�������������Êð B Le)�1ez5L2,H>�801%.g1�3X.�)���(+,�8�(+��80,%.<�+KH���@.g(�)�,������+L23�1�� ,:ac² Ð Þ L;,�*->�80�
��Le��G��:p\hi!'��ð�"�"/!��¦�V)�,e�4�R��Le�+K�,�8�8A(+,�G�K��0K�,%.<�R>�,��T.<�0(+8��+L=��G�,�G��@�4�+G<.'.�1�(+,�8�(+��80,%.<�ª.<)��
�@�@.F(�)�,��;���+tX��G�LP.<�+,�Kc1�3X��L;�0G�� .<)��=���@.2(+1�G��F,�8���1��;�|.<)�*£«|� x�¬ «|��~ ¬ 1��<8¶���@�@.�,�80��1�����.�)�*7L
«���_ ¬ «���� ¬ !ªE=)��wK��@.�,��08i1�3 .<)��ª(+,�G�K��0K�,%.<�w>�,��T.<��(+80�+LD,�G�KM���@.',�80��1��;�|.<)�*-L�zF��808i9O�ªK��0L;(+��L;L;�+K
80,%.<�+�W�0G=.<)��0L�(�)�,�>�.��+�;!YpØ���+hi���0���+*7�+G�.'1�3ñg _ gGÝí`�ð B �0L���*7>�1�L;�+K21�G=.<)��u.<,������0G��=����L;��8|.<L;!
��37g _ g�iê`Êð B tX.�)��}�@�4�+G<.H��L�8�,�9��+80�+K¢,�L2��G�¡S.�,������+K�!�E=)���L����+hi���0���+*7�+G�.H�0L�(�)�1�L;�+G¢9<j

C _



��������������! B $�[\8�1/.�1�3w.<)��}�@�@.�(�)�,������+L�.�,������+Ks9<j�.�)��v�Hp\E·È ,�80��1�����.�)�* 3�1��g, Ð ÞLe,�*7>�8��+!'E=)��ML;1�80��K�80��G��M�0Lb3�1��A.�)��M(+,�80(+��80,%.<�+K �@�@.M(�)�,��;���+Le!'E')��QK�1%.;.<�+K�80��G��Q�0Lb,vsm���0>�u
1�3Ê.<)��D.<)��=L;1�8��0K�8��0G��+t6)��+80>���G��'.<1 L;�+��.�)��QL;�+>�,���,/.��01�G7>�1ezV�+�b1�3Ê.�)4��.<,������0G��R,�80��1�����.�)�*7!
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Jet charge (Q)  
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�D�0�����;�R��!���$'E=)��=.�,�������G��->O1ezV�+��z5��.�)oK��0Ú��+�;�+G�.�Èy(+��.�Le!

1�>�.��0*7��Ù+�0G��F9O1%.<)R.<)���.<,�������G��5>O1ezV�+�\,�G�KR.<,������0G�� K���80��.<��1�G�!'�D�0�����;�=�Êðû�F,�G�K���ð�_5L;)�1ez
.<)��\.<,������0G��F>O1ez^���Y,�G�KgK���80��.��01�Gg(�)�,�G����V,�Lª,F3���G�(@.<��1�Gg1�3¾.�)��^(+��.R1�G _ 3�1��Y,Q.�jA>���(+,�8

Ð Þ L;,�*7>�8��+!QE')�� JÐ Ò ac²íL;,�*->�80�+LbjA���+80K:Le��*7��80,��M>�8�1/.�L;!

Ä��9� ���-� ���+"%0ò0�((nÉ$M"Ê2S(���* �po²Å�"% �2S(+$M���60

E�1�9O�@.;.��+�:��G�K��+��LP.<,�G�Kí)�1ezÉ.�)���K��0Ú��+���+G<.�(+80,�L;Le�+Lo1�32>�,��P.��0(+8��+L:,�Ú��+(@.�.<)������@.
(�)�,��;���^(+,�80(+��8�,/.��01�G�tizV�V(+,/.��+��1��;��Ù+�ª.�)��^>�,��T.<��(+80�+Lw�0G�.<1Q.<)��^3�1�808�1ezF��G���(+8�,�L;L;�+LFkT&��+�^������!
�Êðû��m

"/!Ns��DvsK�,�����)<.��+�;L�u�$=>�,��P.<��(+80�+LM3r�;1�*¨.<)��5L;����G�,�8uLe��K�� Ð ¡e)�,�K4��1�G�!

B !Nsý¹ vsK�,��4��)�.<�+�;L�u�$Q>�,��P.��0(+8��+LM3��;1�*±.<)�� 1�>�>O1�L;��.��5L;�0K�� Ð ¡e)�,�K���1�G�!
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Jet charge (Q)  
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����������� ��!0_�$'E=)��=.�,�������G��-K��08���.<��1�G-z5��.�):K���ÚO�+���+G<.%È±(+��.<L;!

��!Ns��D9�K�,�����)<.��+�;L�u�$ª>�,��P.��0(+8��+L\3���1�*l.<)��'Le����G�,�84Le��K�� : ¡�h×��,���Zit4�@?A(+80��K���G��2K�,�����)�.<�+��L
3���1�*¨.�)4� L;�0��G�,�8 Ð ¡e)�,�K���1�G�!

_�!Nsý¹ 9�K�,�����)�.<�+��Lhu�$w>�,��T.<��(+80�+L\3r�;1�*s.<)��'1�>�>�1�L;��.��'Le��K�� : ¡eh×��,���Zit��@?O(+80��K��0G��5K�,�����)�¡
.<�+��LQ3���1�*¨.�)��51�>�>�1�L;�|.<�5L;��K�� Ð ¡e)�,�K���1�G�!

��!Nsý�MG�K�80!=[D,��T.<��(+80�+L�u�$Q>�,��T.<��(+80�+LQ3r�;1�*Ü.�)��5��G�K��+��8�jA��G��}�@�4�+G�.<L;!

x !Ns�ac��Gi9���,�L^>�,��T.<��(+80�+L�u�$V>�,��T.<��(�8��+L^3��;1�*±.<)��2*-�0G×9��0,�LV�@�4�+G�.<L;! ��Go)��0��)�¡e80��*-�0G�1�L;�|.�j
(+1�8�80��L;�01�G�L;t���.2�0L^>O1�L;L;�09�80�Q.�1�)�,e�6�2L;�@�4�+�;,�8D(+1�808��0L;�01�G�LR��Go,����|�4�+Gc9O�+,�*¯(+�;1�L;Le��G���!
��G�, : J : �@�4�+G�.<tO,�L\1�G��=(+1�808��0L;�01�G}�����4�+LW.<)�� : J : >�,����;t�.�)��Q1/.�)��+�b,����=���+G��+�;,�808|j�È ²=�
�@�4�+G<.�Le!=E')��+Le�=*7��Gi9���,�L��@�6�+G�.<LY9�����80K-��>R.�)���.<1%.<,�8�>��;1iK���(@.��01�G-1�34>4,��P.��0(+8��+L�.�)�,/.
�0L=1�9�L;�+�P�4�+Kc9�j�K��@.��+(@.<1���L;!
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����������� ��!0��$=p : J : �@�4�+G�.�,%.5E��@��,%.<�;1�G:²'1�8�80��K��+�
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E=)��´s��Dv�K�,�����)<.��+�;L�u�,��;���@?A>�8��0(+�|.<8|j��@?A(+8���K��+K���Gg.�)��M�@�@.-(�)�,��;���M.<,������0G���!�E=)��
s��D9 K�,�����)<.��+�;L�u�>�80,ejÜ,§�4�+�TjÜL;>O�+(+�0,�8F��1�8��+$í(+,��4L;��G��¦,�Gí,�>�>�,��;�+G�.�,�LPjA*7*-�@.<�Tjy�0G
.<)��2.<,������0G���>O1ez^���-9��@.�zV�+�+G�(�)�,��;���+KØ,�G�K�G��+��.��;,�8 Ð L;,�*7>�8��+Le! �¦��>O1�LP.<>O1�G���.�)��
K��0L;(+��L;Le��1�Gc1�G�.�)��0LM��G�.<��8�.<)�� G��@?i.FLe�+(@.��01�G�!

E=)��Vsý¹ vØK�,�����)<.��+�;L�u�>�8�,ej7.�)��^*71�LP.V�0*->O1��P.�,�G�.V��1�8��M�0GF.�)��b�@�@.V(�)�,��;���\.<,�������G���!
��3×zV�^1�G48|j���Le�\.�)��)s­¹ vØK�,��4��)�.<�+�;L�uQ.<1 (+,�80(+��8�,/.��\.<)������@.V(�)�,������+tÊ.<)���.<,�������G��5>O1ezV�+��t
J-M â �0LV~�!0~�l 3�1��^9�1/.<)c(�)�,������+K�,�G�KcG��+��.��;,�8 Ð L;,�*->�80�+L�k .<)��+�����0LVG�1g,�LSjO*7*-�@.<�Pj¤��G
.<)��^.<,������0G��g>�1ezV�+�R9O�@.�zV�+�+G�.<)��^.�zV12.�jA>��-L;,�*7>�8��+LetbL;�0G�(+�´s��D9§K�,�����)<.��+�;L�u�,��;��G�1/.
�0G�(+8��4K��+K�m�!la§1��;��L;>O�+(+��©�(+,�8�8�jÊt^�|.H�0L^.<)��H(�)�,������+K¤Z ,�1�G kP,�80L;1}.�)��H80�+>�.�1�G�m�3r�;1�* .<)��
1�>�>O1�L;��.��7L;�0K�� Ð .<)�,%.7>�80,ejOL=.<)��-*71�LP.���*7>O1��P.�,�G�.��;1�80�-�0Gg.<)��-�Hp\E·È±.�,�������G���!�E=)��
Z ,�1�G��0Lw*7,��0G�8�j§3r�;1�*�.<)��RK��+(+,ej§(�)�,��0G�$ : ¿ à·¿ ®<!'E')�� (�)�,������+K�Z ,�1�G�)�,�Lw,�LP.<��1�G��
(�)�,��;���5(+1����;�+8�,/.��01�G-.�1V.<)��7��,e�41��=1�36.<)�� 1�>�>O1�L;��.��5L;�0K�� Ð !

E=)��2�0*->O1��P.�,�G�.���1�8��F>�80,;j6�+Kc9�jH.�)��FZ ,�1�Go9O�+(+1�*7�+L^(+8��+,��\z5)��+Gc1�G��FK��|�A��K��+Lª.�)��

Ð Þ L;,�*->�80�o��G<.�1:.�)��;�+�oL;��9�¡eL;,�*->48��+L�kPL;�+>�,���,/.��0G��H.<)��o1�>4>�1�L;�|.<�oL;�0K�� Ð .�1�9O� Ð � t

Ð Ò" ,�G�K Ð Ò� 3�1��2�+,�(�)¤L;��9�¡eL;,�*7>�8��+m�,�G�K¢�@?A,�*7��G��+LR.<)��g3���,�(@.��01�G¤1�3'�@�4�+G�.<L�)�,e�A��G��§,
(�)�,��;���+K�Z ,�1�G¢��G¤�+,�(�)¤L;��9�¡eLe,�*7>�8���,�G�K§.�)��g(+1����;�+L;>O1�G�K��0G��g.�,������0G��o>O1ezV�+��!ØE�,�9�80�
�ÊðS"gLe)�1ez5L .<)���3��;,�(@.<��1�G¤1�3Q�@�4�+G�.<L .�)�,/.:1�G¤,e�4�+�;,�����)�,e�6�H1�G���8V�3>�8 Þ >/Ón�K>/Ó Þ 3�1��
�+,�(�)�L;��9�¡eL;,�*->�80�+!=E=)��+���V�0Lª,�Gg�@?O(+�+LeL'1�3q8)�:��GF.<)��^©���LP.ª.�zV1�L;��9�¡eL;,�*->�80�+L;t¾z5��.�)�.�)��

Ð �oL;��9�¡eLe,�*7>�8�� )�,e�O�0G��^.�)��V80,������+LP. �@?O(+�+LeL;!QE=)��V�@?A(+�+L;LQ1�3r8-�o*-,�Z��+L=�|.R*-1����R8��0Z��+8|j
.<12.�,��F.<)�� Ð ��,e�41��R(+1����;�+(@.�8�jÊt�G�1/.��0G��F.<)�,/.�,�>O1�L;��.����4�R�@�@.�(�)�,��;���-(+1��;���+Le>�1�G�K�Lª.<1�,
(+1����;�+(@.^.�,�����G7.<)���LV�@?O,�*->�80�+!F��3�zV��1�G�8�j���L;�^.�)��vsý¹ v K�,�����)<.��+�;L�uF.�1�(+,�80(+��8�,/.��M.<)��
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¹ >�>4!=L;�0K�� Ð .�jO>O� 8 � 3r�;,�(@.<��1�G 8�Þ�3���,�(@.��01�G Ó � 3���,�(@.��01�G Ó\Þ§3���,�(@.��01�G
Ð � _�_�ð�`�ltsl`�ð�" N l N ð B lts�`ÊðS"�"]l C �ÊðS"Âlts¦`ÊðS"/_�l x ~Êðû_Llts�`ÊðS" C l

Ð Ò" kûául ;jl � Z1X Ñ�Ñ m ����ð C lXsl`ÊðS" C l "%�Êð N lts¦`ÊðS"/��l x�N ðû�Llts¦`ÊðS" C l ~ N ð C lts�`ÊðS"/��l
Ð Ò� kûául ;jl � ZvX � m B ~Êð B lts¦`Êðû�6"]l B ~ÊðS"Âlts¦`Êðû�6"]l x�x ð x lts¦`Êðû����l x�x ð x lts�`Êðû����l

E�,�9�8��7��!�"/$�E')��73���,�(@.��01�G�1�3\,�808D�@�6�+G�.<LQ.�)�,/.7)�,e�4��1�G��71�3A.<)��7L;>��+(���©��+K�>�,��P.<��(+80�+LF1�G
,e�6�+��,����+!jp\,�(�)o��1ez (�1��;���+L;>O1�G�K4L�.<1-K���ÚO�+���+G<.Q.�jA>��+LM1�3XL;��9�¡eLe,�*7>�8��+L

�@�@.5(�)�,��;���+t�.<)��ª.<,������0G���>�1ezV�+�=�0L',�L=)�����)�,�L B�B ð�`�lvsØ`Êðû�Ll]3�1���.�)�� Ð �cLe��9�¡eL;,�*7>�8��xw
�61��\.<)�� Ð Ò Le��9�¡eL;,�*7>�8��ok Ð Ò" *-��?A��G����0Lª.<����G��+K�1�Ú���G�.�)���ac²'m;tA.�)4�M.�,�������G���>O1ezV�+�
�0Lw1�G�8|jc�Êð x�C lEs¢`ÊðS"Âl-tAK����Y.<1Q.<)��VL;*7,�808��+�w�@?A(+�+L;LQ1�3r8 � ,�G�KF.<)��-"%`Ll �@?A(+�+L;LQ1�3�Ó�ÞO!
�61��b.<)�� Ðy� L;��9�¡eL;,�*->�80�Hk Ð Ò� *7�|?A��G����0LR1�G�m;t6.<)��+���-��L G�1��@?O(+�+LeL 1�9�L;�+�P�4�+K�3r1��^�+�|.<)��+�
Z ,�1�G�L^1��Q>��01�G�LV9��+(+,���L;�21�3�.<)��23r,�LP.�*-��?A��G��g��,/.��F1�3 Ð Ò� tX*7,�Zi�0G��5.<)��=.�,�������G��}>�1ezV�+�
��,�G���L;)�!

p^8�.�)�1�����)�(�)�,��;���+K�Z ,�1�G�LF,���� �4�+�PjØ�0*7>�1��T.<,�G<.}�0G�.<,�������G���t\�R°�K�1¾�+LFG�1%.})�,e�6�
.<)��ª,�9���80�|.�jF.<1M��K��+G<.��03njgZ ,�1�G4L;!Y��GM.�)��'�Hp\EjÈ¢.�,�������G��^,�80��1�����.�)4*-t zV�w��L;�w,�8�8i(+,�G�K��0K�,%.<�
.<��,�(�ZiLF>�,�L;L;�0G��:,�G×��*29O�+�F1�3\L;�+80�+(@.��01�G����+hi�����;�+*7�+G�.�L�kTK��0L;(+��L;L;�+K¤G��@?×.<m'.<1�(+,�80(+��8�,/.��
.<)��'���@.F(�)�,��;���+!

E=)��)s­¹ 97K�,�����)�.<�+��L�uF*-,�Z��=K��0Ú��+�;�+G�.M(+1�G�.<���09���.<��1�G�Lb9�,�L;�+K�1�GR.�)��=K���ÚO�+���+G<.^L;��9�¡
Le,�*7>�8��+LH*7�+G�.<��1�G��+K ,�9O1e�4�+!��41��F.�)�� Ð ��Le��9�¡eL;,�*7>�8��+tM.<)��§�0G�(+8��4L;��1�Gí1�3w.<)�� sý¹ 9
K�,�����)�.�����L�u�*-,�Z��+L�.<)��\.�,������0G��5>�1ezV�+�ªK���1�>F.�12��ð C lzs�`�ð B l�9O�+(+,���L;�ª.�)��@jo(+,����Pj:G��@.
(�)�,��;���+LFk Q â � m;tO1�>�>O1�L;��.��w.�1^.<)��V(+1��;���+(@.'�@�@. (�)�,������+�u3�1���.<)�� Ð Ò ,�G�K Ð Ò� L;��9�¡eL;,�*->�80�+L;t
.<)��=.�,�������G���>�1ezV�+�^��G�(+�;�+,�L;�+Lª.�1���ð���l{ss`Êð B l�,�G�K¢"+ð B l{ss`�ð�"]l��;�+L;>O�+(@.����4�+8�jÊt�L;�0G�(+�

N `



.<)��ºsý¹ 9�K�,�����)�.��+�;L�u-(+,����Pj§G��@.F(�)�,��;���+LFk P 	� m'�0G�3�,e�41��'1�3W*-,�Zi��G��7(+1��;���+(@.'.<,���L;!'E')��
1e�6�+��,�8�8��+ÚO�+(@.71�3�.<)��´sý¹ 9§K�,�����)�.<�+��LhuH1�G}.<)���(+1�*7>�8��@.<�-L;,�*7>�8��7*-,�Z��+L'.�)��V.�,�������G��
>O1ezV�+�QK��;1�>H3���1�*�~�ð�~�l{s¦`�ð�"]l±.<1-_�ð N ltsl`�ð�"Âl-!

E=)��²sý�MG4K�8�!{[D,��T.<�0(+8��+L�u¢,�G�K�s�ac�0G×9��0,�L�>�,��P.��0(+8��+Lhu�,����oL;1�3n.��+�}��G�I+�Ø.<)�,�G�.�)��
sý¹ vyK�,�����)�.<�+�;L�u�tQ)�1;zV�@�6�+�V.�)��+�0��*2��8|.<��>�80��(+��.��0�+L7,��;�}*2��(�)Ø8�,������+��!�E=)��g��G�K��+�;8|jA�0G��
�@�6�+G�.���LQ,�GH��G�,e�41���K�,�9�8��29�,�(�Zi����1���G�K�.<17*-,�G�j�(+1�808��0K��+�Q1�9�L;�+�P�¾,�9�8��+Le!QE=)��vs�ac�0G×9��0,�L
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)�,e�6�o,�8�,������:L;>����+,�K���G¸U Q 8�!í�41��-,�.�jA>���(+,�8 :�J : L;,�*7>�80�+tY.�)��:,e�4�+�;,�����IG� 1�3Y.�)��
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